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Abstract
We have studied the effect of thermal effects on the structural and transport response of Ag atomic-size
nanowires generated by mechanical elongation. Our study involves both time-resolved atomic resolution
transmission electron microscopy imaging and quantum conductance measurement using an ultra-high-
vacuum mechanically controllable break junction. We have observed drastic changes in conductance and
structural properties of Ag nanowires generated at different temperatures (150 and 300 K). By combining
electron microscopy images, electronic transport measurements and quantum transport calculations, we
have been able to obtain a consistent correlation between the conductance and structural properties of Ag
NWs. In particular, our study has revealed the formation of metastable rectangular rod-like Ag wire (3/3)
along the (001) crystallographic direction, whose formation is enhanced. These results illustrate the high
complexity of analyzing structural and quantum conductance behaviour of metal atomic-size wires; also,
they reveal that it is extremely difficult to compare NW conductance experiments performed at different
temperatures due to the fundamental modifications of the mechanical behavior.
1 INTRODUCTION
The intense work of the nanoscience and nanotechnol-
ogy community has increased the capabilities of re-
searchers to produce, in a surprising controlled way,
new materials and objects at nanometric scale. As
a result, novel physical and chemical behaviours are
frequently reported opening new opportunities for de-
vices and practical applications. For example, at
present, electronics systems play an essential role in
our life and the search to improve performance at low
energy cost, suggests that systems based on molecules
as active parts must be studied in detail [30]. These
future devices will require a precise knowledge of the
physical properties of atomic-size contacts and tiny
nanowires/ interconnects.
We must note that the mechanical and electrical
properties of nanoscale metal wires (NWs) have been
studied both theoretically and experimentally by dif-
ferent groups [1]. Atomic-size metal junctions can be
easily generated using a simple procedure. Initially,
we put into contact two clean metal surfaces and then
we carefully separate them apart. The formed metal
junction is stretched until rupture, when atomic-size
contacts are spontaneously generated [1] by the elon-
gation induced necking [7]. Applying a voltage across
the junction, it is possible to assess the electric trans-
port response during the deformation process. For
nanoscale junctions, the conductance curve exhibits a
well defined behaviour as a function of time (hereafter
called conductance curve, CC), containing typically
flat plateaus separated by abrupt jumps. These dis-
crete conductance values are approximately integer
multiples of the quantum of conductance G0 =
2e2
h
(where e is the electron charge and h is Plancks con-
stant) [1]. This method seems to be very simple and
straightforward; however each CC is associated with
a different NW and probably with a different atomic
arrangement. Although all CCs show plateaus and
jumps, the curve profile indicates a different evolution
(in fact representing the structural evolution) [31]. In
these terms, a statistical analysis is frequently used to
analyze an ensemble of CCs, where each curve is rep-
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resented by a histogram of conductance occurrence
(a plateau appears as a peak). Then, the so called
global histogram (GH) is constructed by a linear ad-
dition of all individual curve histograms. The GH
describes the average tendency of the NW conduc-
tance measurements [30, 31, 3], where strong peaks
are related to more frequent (and probably more sta-
ble) atomic structures.
The generation of atomic-size metal wires by the
mechanical stretching has allowed the study of a
wide range of metals [1], including for example, Au
[8, 4, 27, 39, 34, 38], Cu [26, 13], Pt [33, 36], Pd
[38, 36], Al [38], alkaline metals [40], metal alloys
[10, 12], etc. Nevertheless, the comparison of data ob-
tained from different experimental conditions (tem-
perature or vacuum level) has produced some dis-
crepancies and controversial interpretations of GH
peaks [8, 26]. In particular, the mechanical elonga-
tion induces the formation of a sequence of more fa-
vorable atomic structures during the wire thinning.
Due to the dominant role of surface energy in this
size regime, several anomalous wire structures have
already been reported to been formed during the thin-
ning of very tiny wires, as for example helical [18] and
tubular metal [23] wires.
The direct and simultaneous measurement of
atomic arrangement and electrical transport repre-
sents quite a challenging task, achieved only in rare
cases [16, 28, 15, 19]. Recently, a few studies have
compared the structural and/or conductance behav-
ior of gold NWs generated at different temperatures
[22, 21, 24] and significant modifications were ob-
served. This is in fact expected, because it is obvious
that temperature should play a major role in the NW
mechanical behavior, defect generation/annihilation,
etc. [5]. Although significant progress has been
achieved on the understanding of metal NW proper-
ties, the majority of the available experimental data
is related to gold-based wires due to their easy sam-
ple preparation and manipulation. In order to obtain
more broad-ranging insights, we should study other
model systems, as for example another metal with
different surface properties (in order to induce differ-
ent atomic structure during elongation). Silver repre-
sents an excellent candidate, because it is also a noble
metal with identical crystal structure (face centered
cubic, fcc) and almost the same lattice parameter as
gold. In contrast, silver facets with the minimal en-
ergy facets are the (100) instead of the (111) ones in
Au [11]. It must be emphasized that the higher reac-
tivity of silver certainly renders much more difficult
the studies and analysis. Here, we present an ex-
perimental and theoretical study of thermal effects
on electronic transport and structural behavior of
atomic-size Ag wires generated by mechanical elon-
gation. We have used dynamical atomic resolution
transmission electron microscopy (HRTEM), conduc-
tance measurements, and quantum transport calcu-
lations, to consistently understand the origin of the
observed remarkable modifications of GH from exper-
iments realized at ∼ 150 and ∼ 300K.
2 METHOD
As mentioned above, in this work we have used dif-
ferent approaches to carry out an extensive study of
the transport properties of silver NWs generated at
300 and 150K. Firstly, we have performed electrical
conductance measurements at both temperature con-
ditions. Also, the atomic arrangement of atomic-scale
Ag wires was analyzed using in situ transmission elec-
tron microscopy observations. Finally, we have used
theoretical calculations of quantum conductance for
different NW structures to interpret the most signif-
icant peaks in GH of Ag NWs.
Electrical conductance measurements were per-
formed in a dedicated instrument: mechanically con-
trollable break of junctions (MCBJ), which operates
in ultra high vacuum conditions (UHV, < 10 − 10
mbar). In this technique, a very thin silver wire
(75µm in diameter and 99.99% pure) is notched
and attached to a flexible substrate (Cu-Be alloy),
then the substrate is slowly bent by means of a
piezoelectric-based linear mechanism, producing the
rupture of the wire at the notch. In this way, two
clean surfaces are generated, as the breaking process
is performed in situ in UHV environment. The for-
mation and rupture of NWs is achieved by putting
into contact the generated surfaces and subsequently
retracting them. The UHV-MCBJ allowing the mea-
surement at 300 and 150K has been thoroughly de-
scribed elsewhere [35]. The measurement electron-
ics is basically composed of a home-made voltage
source and a current-voltage converter coupled to an
eight-bit digital oscilloscope (Tektronic TDS540C).
The acquisition system input impedance and time re-
sponse were optimized to perform conductance mea-
surements in the (0 − 5.5G0) range with a relative
error [35] of ∆G/G ∼ 10−4. It must be emphasized
that before the start of the conductance measure-
ments, degassing/cleaning process is performed in or-
der to reduce contaminant presence in the Ag NWs
2
during conductance measurements. A Joule heating
of the filament is realized by passing a 1−2 A current
for few weeks. Initially, the wire degassing generates
a pressure increase inside the UHV chamber; finally
optimal vacuum conditions are afterwards recovered
(period of 15− 20 days).
The atomic structure of the Ag wires was di-
rectly observed using a HRTEM microscope (JEM-
3010 URP, 0.17 nm point resolution) equipped with
a standard and liquid nitrogen (LN) sample holder
(Gatan 613-DH, sample temperature attains ∼ 150K
[21, 29]. The wires were generated in situ following
the procedure proposed by Kondo and Takayanagi
[17], where nanometric holes are created in a self-
supported polycrystalline thin metal film (∼ 40− 50
nm in thickness) by focusing the HRTEM electron
beam. The metal nanobridges formed between neigh-
boring holes, spontaneously thin and break, gener-
ating atomic-size Ag NWs. The dynamical evolu-
tion of the Ag NW was recorded using a high sensi-
tivity TV camera (Gatan 622SC, 30 frames/s) cou-
pled to a standard DVD recorder. The atomically
resolved images were acquired close to Scherzer de-
focus with a current density of ∼ 10 − 30 A cm−2.
The HRTEM images presented here are snapshots ex-
tracted from DVD recordings; a detailed description
of the HRTEM procedures to study metal nanowires
has already been presented elsewhere [3].
Finally, in order to establish a consistent corre-
lation between the conductance and structural in-
formation, we have carried out theoretical conduc-
tance calculations using the procedures introduced
by Emberly and Kirczenow [9] based on Extended
Huckel Theory (EHT). In this methodology, the elec-
tronic quantum transport is simulated within the
Landauer scattering formalism using the molecular
orbitals (MO) obtained via EHT. This approach has
been already applied with success in studies of metal
NWs [31, 13, 22, 32]. In this study, the NWs were
coupled at both sides to two semi-infinite leads; MOs
were calculated taking into account s, p and d Ag or-
bitals, as well as, overlap and energy matrix elements
extending beyond first-neighbor atoms. It should be
stressed that the wire length is an important issue
in the calculations. If the wire is not long enough to
preclude an artificial overlap among the orbitals from
the apexes and the wires, this could produce an unre-
alistic increase in the calculated conductance values.
Once the wire is long enough to preclude these ar-
tificial overlaps, the results are independent on the
wire length. We have tested wires of different lengths
in order to guarantee that these needed requirements
are satisfied.The experimental results are contrasted
with the conductance values at Fermi energy (Ef ).
3 RESULTS
Figure 1(a) and (b) show typical quantum conduc-
tance curves of silver NWs acquired at 300K and
150K, respectively. Note that these curves exhibit
approximately flat plateaus spaced by abrupt jumps.
These curves profiles have been selected because they
appear frequently during the wire thinning in the
electric transport experiments. At room T, we have
noted that about ∼ 5− 10% of the curves show a se-
ries of three plateaus, one at ∼ 3.5, a second plateau
just below 2.5 and, a final one at 1.0 G0 (see Fig-
ure 1(a)). This plateau sequence is rarely observed
at 150K; in contrast CCs with plateaus at ∼ 5.0,
slightly above 2.5 and 1.0G0, are observed with simi-
lar percentage. The results obtained at different tem-
peratures show unambiguously that thermal energy
induces substantial variations on the NW conduc-
tance behavior, what in fact is just a conductance
representation of the structural evolution during wire
stretching.
Figure 2 displays the derived global histograms us-
ing the conductance curves measured at 300K and
150K. The main feature of both GHs is the peak lo-
cated at ∼ 1G0, which is associated with one-atom-
wide contacts and suspended linear atomic chains
(LACs) [1, 28]. A simple visual inspection shows that
the 300K GH exhibits also two important peaks lo-
cated at ∼ 2.4 G0 and ∼ 4 G0, in agreement with
a previous report by Rodrigues et al. [32]. As ex-
pected, the significant changes in CC profiles shown
in Fig. 1 are reflected in the important modifica-
tions in the 300 and 150K GHs. For example, note
that the prominent narrow peak, located between 2.0
and 3.0G0, appears somewhat upwards shifted at low
temperature, with a maximum located at ∼ 2.7 G0.
In addition, the room T wide peak present at ∼ 4G0
has disappeared at 150K, while a small peak located
at ∼ 1.8G0 has became easily discernible.
Considering the atomic structure of Ag NWs gen-
erated at different temperatures, we have also ob-
served major differences by means of in situ HRTEM
experiments. During the elongation of silver junc-
tions at 300K, rod-like wires oriented along (110) di-
rections are frequently observed (hereafter noted as
(110) NW, see Fig. 3(a)); in addition, (001) silver
rods can also be observed, but they mostly break
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Figure 1: Typical conductance curves obtained dur-
ing the elongation and rupture of Ag nanowires with
plateaus spaced by abrupt jumps acquired (by means
of a UHV-MCBJ) at (a) 300 K and (b - c) 150 K.
abruptly at room temperature [3, 32]. This con-
trasts with low temperature observations where rod-
like NWs along (100) showed higher occurrence rate
than (110) ones (Fig. 3(b)-(c)). Finally, we have also
observed the formation of one-lattice-parameter-wide
(100) silver rods, which can show a bamboo-like con-
trast both at room- and low-temperature experiments
(see Fig. 3(c)); Lagos et al. [23, 2] have shown that
this (100) wires display an anomalous tubular atomic
arrangement.
4 DISCUSSION
The conductance results described above are quite
different from those ones obtained for gold NWs,
where the experimentally observed peaks are located
at 1G0, ∼ 1.8G0 and ∼ 2.8G0 [22, 20]. The formation
of GH peaks located at different positions is expected
due to the fact that gold and silver show different
Figure 2: Conductance global histograms obtained
from 500 curves measured at 300K (a) and 150K (b).
Both histograms have been normalized in relation to
the peak at 1G0; dotted lines indicate conductance
which are integer multiples of G0 and the dashed line
indicate a conductance value of 2.5 G0. Note that
prominent peaks appear at ∼ 2.4G0 in (a), seem to
be upwards-shifted to ∼ 2.7G0 in (b).
surface properties and, in consequence, we must ex-
pect the formation of NWs with different morpholo-
gies [37].
We must keep in mind that a particular GH peak
reflects statistically relevant conductance plateaus
(which are associated with the most frequently oc-
curring atomic arrangements). These plateaus rep-
resent just one intermediate stage in a conductance
curve; or in structural terms, an intermediate atomic
arrangement in a series of more favorable structures
generated during the stretching. It must be empha-
sized that the consistent explanation of the physical
origin of a conductance plateau, requires understand-
ing of the whole conductance curve, i.e., all plateaus
in the curve (and the associated structures) sequen-
tially appearing until the wire rupture. For exam-
ple, it has already been demonstrated that at room
4
Figure 3: HRTEM images of Ag NWs being stretched
at 300 (a) and 150K (b,c). At room temperature
Ag rod-like wires (a) are crystalline, defect-free and
their axis follows the (110) direction; in contrast at
low temperature (a) pillar-like wires show an axis
along the (001) direction. The nano-rod displayed
in (c) shows the bamboo-like contrast expected for
the Ag tubular structures reported by Lagos et al.
[23]. The images represent snapshots extracted from
video recordings; atomic positions appear dark.
temperature the Ag GH peak at ∼ 2.4 G0 is associ-
ated with the formation of one stable (110]) rod-like
Ag NW [3, 32]. In fact, a sequence of three atomic
arrangements whose conductance displayed values of
∼ 3.8 G0, ∼ 2.4 G0 and 1 G0 was proposed in order
to correlate structural and electronic properties of Ag
NWs deformed at 300K. Our experimental data (see
the conductance curve in figure 1(a) and GH in figure
2(b)) is in excellent agreement with these previous re-
ported results.
The main difference between the Ag NW conduc-
tance behavior at 300 or 150K is the shift of the
prominent GH peaks located around 2.4G0, which
moves up to 2.7 G0 (see Figure 2). This upward
shift of conductance measured at low temperature has
somewhat puzzled us. This contrasts with previous
experimental studies on Au NWs, where it has ob-
served that, at low temperatures, the Au histogram
peaks move slightly downward due to the formation
of structural defects in the wire and leads (apexes) at
150K [22, 24]. These defects act as back-scattering
agents inducing a slight decrease of quantum conduc-
tance [22, 9]. In contrast, our transport experiments
do not show a downward shift of GH peaks, and then
another effect must be taken into account. In these
terms, we must examine if another silver NW atomic
arrangement may account for the 2.7 G0 peak and
the related CC results. As mentioned above, rod-like
NWs along (001) axes were more frequently observed
in HRTEM images at 150K; we will then analyze this
family of wires in more detail below.
In order to propose possible three-dimensional
structures of silver NWs, the geometrical Wulff con-
struction [37] can be used. This method yields the
crystal shape by predicting the relative size of the
lower-energy facets of a nanocrystal; for example, it
is well-known that for Au compact (111) facets are
the preferred ones and, then, gold nanosystems evolve
to expose mainly these low energy facets. Fig. 4(a)
shows the expected morphology of a Ag nanoparticle
[9], a truncated cuboctahedron with regular trian-
gular 111 facets. Recently, the same approach has
been successfully applied to model metal nanojunc-
tions generated by mechanical elongation [31, 13, 32].
We must keep in mind that, in order to get a realis-
tic description of the NW conductance, it is manda-
tory to attach the NW to two pyramidal apexes at
its ends. As NW apexes must also follow the same
metal surface energy constrains, they were also de-
rived according to Wulff method, as already applied
to study Au, Cu, or Pt NWs [31, 34, 13, 33].
Figure 4 shows the application of the Wulff ap-
proach to estimate the morphology of (001) rod-like
Ag wires (0.5 to 2 lattice parameter (a0) in width).
From Figure 4(a), it is possible to easily note the high
relevance of the square 100 facets over 111 facets.
In these terms, surface energy minimization predicts
(100) and (010) facets (which parallel to the wire
axis), then the rod-like wire cross-section should be
square (see Fig. 4(b)). The (001) NWs are formed
by the stacking of two (002) planes along the axis
(displayed with different colors in Fig. 4(b)). Here-
after, we will name them using the number of atom
in each of these planes (ex. 5/4 for the a0 -wide
(001) NW, see Fig. 4(b)). On this basis, it is in-
5
Figure 4: Application of the Wulff method to deter-
mine the shape of silver NWs. (a) Expected morphol-
ogy of a silver nanoparticle. (b) Cross-sectional view
of NWs elongated along (001) direction with 2, 1.5,
1, and 0.5 lattice parameter (a0) width; the square
wires shape is generated by (100) and (010) facets.
Note that (001) NWs are formed by the stacking of
two (200) planes along the axis (displayed with dif-
ferent colors). (c) Cross-sectional view of NWs elon-
gated along (001) direction with rectangular shape;
the wire shape is also determined by (100) and (010)
facets. (d) Proposed mechanism for the generation of
rectangular rod-like Ag wires.
tuitive to think that squared-cross-section (001) NW
should represent the preferred atomic arrangement to
be generated during the mechanical elongation of a
face centered cubic (FCC) metal such as silver [23].
The structures displayed in Figure 4(b) constitute a
sequence of atomic arrangements that should appear
during the thinning of square Ag (100) NW (sequen-
tially with 2, 1.5, 1, and 0.5 a0 in width). They must
finally lead to the formation of a suspended atom
chain.
At this point, we must try to use the proposed
atomic structures of (001) NWs to explain the quan-
tum conductance curve behaviour at 150K. Fig-
ure 5(a) shows the calculated conductance associated
with the proposed wire structures shown in Figure
4(b). Initially, we observe that the square (001) NWs
show conductance values at Fermi energy of about
5.0, 3.3 and 2.1 G0 for the 8/8, 5/4 and 2/2 wires
respectively. These results indicate the expected se-
quence of conductance plateaus from (100) NWs and,
finally a 1G0 plateau associated with LACs (we have
also performed this calculation, not shown here). The
conductance curves in Figure 1b do show the 5 and
1 G0 plateaus; also the 150K GH (Figure 2b) indi-
cates the existence of rather small wide peak around
4.8 G0. Surprisingly, no significant GH intensity or
peak is present in the 3−4G0 region, somewhat sug-
gesting the low statistical relevance of the very in-
tuitive one-lattice-parameter 5/4 Ag rod. Also, the
occurrence of the 2/2 wire does not seem to be sta-
tistically meaningful, but it might be related to the
subtle peak around 1.8G0.
In view of the fact that square (001) Ag wires
based on the macroscopic fcc structure can not ac-
count for the major GH peak at 2.7G0, we must put
forward another hypothesis; in this sense, HRTEM
images provide very important information. Figure
3c shows the formation of an anomalous one-lattice
parameter-wide tubular (100) Ag wire, which was re-
cently reported by Lagos et al. [23]. The atomic
arrangement of this tubular NW, is derived from the
5/4 square rod displayed in Figure 4(b) and, remov-
ing the central atom of the plane containing 5 atom.
In this way, we generate a 4A/4B stacking sequence
along the (100) direction [23]. Our calculations pre-
dict that this tubular atomic arrangement should dis-
play a conductance of about 3.1−3.2G0 (Figure 5(b)).
As mentioned above, the GH acquired at 150K do
not show any peak in the 3− 4G0 region, indicating
a low occurrence of this structure in MCBJ exper-
iments. We must keep in mind that the formation
of the Ag nanotube was associated with high defor-
mation rates [23], a parameter that can not be con-
trolled/reproduced accurately in our MCBJ experi-
ments.
As matter stands, the experimental conductance
measurements can not be correlated satisfactorily by
square rod-like Ag wires (fcc or tubular). The recent
paper of Lagos et al. [21] uncovering the existence
of the anomalous tubular Ag wire, also highlights the
important fact that the mechanical deformation of
nanoscale systems may lead to the formation of high-
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symmetry metastable atomic arrangements fulfilling
surface energy minimization requirements. Follow-
ing these ideas and looking carefully at the square
(001) NW structures in Figure 4(b), it becomes obvi-
ous that we can not rule out the formation of inter-
mediate (001) wires with rectangular cross-section,
when (010) and (001) facets are considered. These
wires should represent local minima of surface en-
ergy minimization within Wulff criterion during the
process of mechanical elongation; Figure 4 (c), show
two examples of rectangular wires (marked as 6/6
and 3/3 ones). From the plastic deformation point of
view, the generation of rectangular (001) NWs is not
surprising; in fact the expected structural flow of a
square Ag (001) rod is the glide over any one of the
four possible 111 compact atomic planes. For a total
(110) dislocation glide, wires with rectangular cross
section should be spontaneously be generated from
a square Ag rods (see schematic deformation in Fig.
4(d), where a 5/4 wire transforms into a 3/3 one).
Our calculations indicate that the rectangular (001)
NWs, 6/6 and 3/3 wires, display a conductance of
about 3.9 and 2.6G0, respectively (Figure 5(b)).
Thus, combining square and rectangular wires, the
calculated conductance sequence associated with a
8/8→ 3/3→ LAC (5.0→ 2.7→ 1G0), allows a con-
sistent correlation between atomic arrangement and
quantum conductance for whole structural evolution
of (001) NWs at low temperature. This sequence is in
excellent agreement with the experimental CC shown
in Fig. 1(b), confirming a correlation between the
proposed geometric models and the GH peaks. The
rectangular 3/3 NW must be associated with the for-
mation of the prominent peaks around 2.7G0 in the
150K GH (Figure 2(b)). In these terms, the lowering
of the temperature has lead to a drastic modification
of the preferred or energetically favoured structure
during elongation or, in more general terms, signifi-
cant changes of the Ag NW structural behaviour: a)
the dominant kind of wire changes from (110) wires
at 300K to (001) ones at 150K; b) the major peak
in the 150K GH (∼ 2.7 G0), which should be asso-
ciated with the more frequent (and probably more
stable) atomic structure, is accounted for a presum-
ably metastable rectangular rod-like wire.
In order to further elucidate this issue, we must
first remind that the NWs studied here are generated
by means of mechanical stretching and the conduc-
tance is measured simultaneously to the wire thin-
ning. Then, in this work, the drastic changes in me-
chanical response are revealed through the conduc-
Figure 5: Theoretical calculations of quantum con-
ductance as a function of energy for silver nanowires
with different morphologies. (a) conductance associ-
ated with the atomic arrangements shown in Figure
3(b) (8/8, 5/4, 2/2 (100) NWs). (b) conductance as-
sociated with rectangular wires (6/6 and 3/3) and,
also the tubular (4A/4B) Ag nanotube.) . The con-
ductance is plotted in units of G0 and, the vertical
line indicates the Fermi energy.
tance GHs, which in addition provide statistical av-
eraging of possible atomic structures. As in many
other physical phenomena, size effects have strong
influence on the active deformation mechanisms in
nanoscale materials and, also, thermal effects may
induce drastic changes in mechanical response. For
example, time-resolved atomic resolution transmis-
sion electron microscopy (HRTEM) has revealed that
no extended defect could be observed in 1-nm-wide
gold nanorods stretched at room temperature, while
at 150K, planar defects are frequently generated [21].
The planar defects are generated by the compact glide
of the (111) planes as predicted by simulations per-
formed by Landman et al. [25]. These authors have
concluded that, for each temperature, the active plas-
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ticity deformation mechanisms (and the derived me-
chanical behavior) in gold nanowires are strongly de-
pendent on wire size and shape. Extending these
ideas to Ag wires, it would not be surprising to ob-
serve similar behavior modification in Ag NW struc-
tures with the glide over 111 planes as the main de-
formation mechanism. When a nanowire is allowed
to generate defects (as observed in low temperature
HRTEM experiments) its strength is reduced and the
stress-strain curve indicates the start of plastic flow
for smaller strain values. The application of ten-
sile force along the 001 direction in a fcc crystal as
Ag, provide four possible (111) glides planes, making
(001) NWs much more ductile and easy to elongate
that along another crystallographic directions. This
may be at the origin of the higher statistical occur-
rence of (001) NWs in silver for stretching processes
at 150K. Also, as gilding on (111) planes should
be the deformation mechanism leading to rectangu-
lar wires (ex. 3/3); the fact that there are four fam-
ily of gliding planes available for (001) NWs could
explain the proposed high occurrence of rectangular
3/3 rod-like Ag wires, reinforcing the interpretation
of the dominant 2.7G0 GH.
It is important to mention that we do not have
at the moment a definitive explanation for the dif-
ferences observed to the event statistics at 150 and
300 K. At present, the plastic behavior of nanoscale
matter is far from be well understood. Recent exper-
iments [24, 6, 14] have revealed a quite different dy-
namics of deformation of different metallic nanowires
at low and room temperatures. These differences are
greater than what we could expect only in terms of
the small differences of thermal energies associated
with 150 and 300 K and are suggestive of a com-
plex dynamics that goes beyond pure thermal effects.
More studies are necessary to a better understand-
ing of these fundamental aspects. We hope that our
present work will stimulate further theoretical and
experimental works along these lines.
In summary, we have observed drastic changes
in conductance and structural properties of Ag
nanowires generated by mechanical elongation for ex-
periments realized at different temperatures (150 and
300K). By combining atomic resolution HRTEM im-
ages, UHV-MCBJ transport data and theoretical cal-
culation we have been able to obtain a consistent
correlation between the conductance and structural
properties of Ag NWs. Significant changes of the
Ag NW structural behaviour with temperature have
been observed. Firstly, the main peak of the GH kind
is associated with (110) wires at 300K and changes to
(001) ones at 150K. Secondly, the major peak in the
150K GH (∼ 2.7 G0), associated with the more fre-
quent atomic structure, is accounted for a metastable
rectangular rod-like wire (3/3) along (001) direction,
whose formation is enhanced due to a favored geo-
metrical symmetry considering the main active defor-
mation mechanism in atomic size fcc wires (i.e com-
pact glide over (111) atomic planes). The occurrence
of this kind of rod-like wire would have been rather
difficult to predict without its quantum conductance
signature. These results demonstrate the high com-
plexity of analyzing structural and quantum conduc-
tance behaviour of metal atomic-size wires generated
by mechanical stretching. In particular, our study
reveals that it is extremely difficult to compare of
NW conductance experiments performed at different
temperatures due to the crucial modifications of the
mechanical behavior.
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